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| INTRODUC TI ON
Current data indicate that about 20% of the European population is ≥65 years old and about 6% is ≥80 years old (Eurostat, 2018) ; the prognosis is that these percentages will continue to grow in the future. Taking this into account, together with the fact that implant-supported restorations significantly improve not only oral health-related quality of life (Reissmann, Dard, Lamprecht, Struppek, & Heydecke, 2017) , but also health-related quality of life (Naito et al., 2006) in general, elderly patients seeking implant treatment are and will remain a significant part of daily clinical work (Schimmel, Müller, Suter, & Buser, 2017) . In a recent systematic review of prospective trials on implant treatment in elderly patients (i.e. patients being ≥65 years old at the time-point of implant installation), implant survival rates of 98% and 91% after 1 and 10 years of loading, respectively, were calculated (Srinivasan, Meyer, Mombelli, & Müller, 2017) . These rates are similar to those previously reported for the general population; for example, the survival rate of implants supporting single crowns is >97% and 95% after 5 and 10 years, respectively, and that of implants supporting fixed dental prostheses is >95% and 93%, respectively (Hjalmarsson, Gheisarifar, & Jemt, 2016; . Furthermore, another systematic review reported that implant loss rates of older patients (i.e. ≥60 years old) did not differ significantly from those of younger patients (i.e. ≤54 years old) (Sendyk et al., 2017) .
In this context, several factors associated with ageing may compromise implant osseointegration; for example, elderly patients-compared with younger patients-show higher rates of systemic diseases (e.g. diabetes) and more often receive medication/ treatment (e.g. bisphosphonates, radiotherapy) that interfere with wound healing in general and bone healing in particular (Bartold, Ivanovski, & Darby, 2016; Chambrone, Mandia, Shibli, Romito, & Abrahao, 2013) . Further, ageing per se influences negatively several stages of the implant integration process, in terms of both soft and hard tissue healing. Briefly, the early inflammatory stage of healing is delayed/prolonged due to the generally increased inflammatory response in the elderly compared to younger adults; similarly, the proliferative phase of healing is delayed/prolonged, among other factors, due to the reduced numbers of stem cells and amount of growth factors in the elderly (Bartold et al., 2016) .
Nevertheless, there is limited information on early implant losses (EIL) in the elderly, that is implant losses prior to loading-an ultimate sign of compromised osseointegration. Indeed, in the original studies included in the above-mentioned systematic reviews (Sendyk et al., 2017; Srinivasan et al., 2017) , information on EIL was often missing, while the number of elderly patients in most of the original studies was general rather small (i.e. mostly <50).
Further, in studies with larger elderly patient numbers presenting rates of EIL of 4.5% to 9.7% on the implant and patient level, respectively, reporting did not include any comparisons to younger patients (Engfors, Ortorp, & Jemt, 2004; Kowar, Eriksson, & Jemt, 2013) . Consequently, lack of significant differences between elderly and younger patients, in terms of survival rates of already osseointegrated implants, as reported above, and lack of comparative data, obviously does not exclude the possibility that significant differences in terms of EIL do exist between elderly and younger patients, but simply are erroneously not captured.
Thus, information on EIL in the elderly is rather scarce in the currently existing literature. Therefore, the aim of the present study was to assess, retrospectively, EIL rate in a large elderly patient cohort, that is ≥65 years old at the time-point of implant installation, and compare it with that in a matched younger patient cohort, that is 35 to <55 years old at the time-point of implant installation.
| MATERIAL S AND ME THODS
The present retrospective cohort study is based on dental records of the University Clinic of Dentistry, Medical University of Vienna, Austria, which were selected automatically (electronically) based on information from the payment system of the clinic, from 01/2005where all dental records became digital-to 06/2016. All treatments were performed in the Division of Oral Surgery, by experienced oral surgeons, and the predominant implant types installed were NobelReplace and Replace Select. The study protocol was approved by the ethics committee of the Medical University of Vienna (EK-Nr.
Clinical Relevance
Scientific rationale for the study: Information on early implant loss (EIL; i.e. lack of osseointegration prior to or at the time-point of prosthetic restoration) in the elderly is rather scarce in the currently existing literature. 
| Patient population

| Elderly patient cohort
The dental records of all patients who had paid/received an implant 
| Younger patient cohort
Based on previous studies (Sendyk et al., 2017) , which applied a difference of 10 years between younger and older patient cohorts, the "cut-off value" for the younger patients was defined as 55 years of age. One implant in each elderly patient was attempted to match with an implant installed in a patient 35 to <55 years old at the time-point of implant installation, by manually looking through an automatically generated list of dental records of all patients who had paid/received an implant at the same clinic and timeframe, on the basis of the following criteria: (a) gender, (b) implant region [i.e. upper anterior (tooth no. 13-23)/upper posterior/lower anterior (tooth no. 33-43)/lower posterior], (c) bone grafting prior to or simultaneously with implant installation (yes/no) and (d) smoking status (yes/ no). Regarding elderly patients with ≥2 implants, the implant to be matched was chosen at random; if matching failed, another implant from the remaining ones in the same patient was again chosen at random and matching was attempted. When matching of one implant in a given patient was achieved, then the next patient in the list was attempted to match. Similar anamnestic data to those collected from the patients in the elderly patient cohort were also extracted in this younger patient group.
| EIL
From each EIL case, the following parameters were additionally extracted: (a) timing of implant installation, that is immediate/delayed, if within the same session as the tooth extraction or at some later time-point, respectively, (b) implant dimension, (c) implant type, (d) connection type, that is internal/external, (e) antibiotic prescription at the time-point of implant installation (yes/no), (f) post-operative healing type, that is submerged/non-submerged and (g) re-implantation at later time-point (yes/no, including time-point).
| Statistical analysis
Descriptive statistics were calculated for patient-and implant-related characteristics. To identify any potential differences/tendencies among the elderly and younger patients, both cohorts were sub-classified into 4 age sub-cohorts: (a) 65-69.9/70-74.9/75-79.9/ and ≥80 years of age in the elderly group, and (b) 35-39.9/40-44.9/45-49.9/50-54.9 years of age in the younger group. Fishers' exact test or chi-squared test was used to assess any potential differences: (a) between patients or implants, with and without an EIL, in the elderly patient cohort, (b) between the elderly and younger patient matched cohorts, and (c) among the 4 age sub-cohorts, separately for the elderly and younger matched patient cohorts regarding the various categorial parameters (i.e. age cohorts, gender, implant region, EIL, bone augmentation, smoking status, history of periodontitis, presence/absence of a systemic disease, medication intake). Patient-specific parameters have been compared on the patient level, while implant-specific parameters on the implant level.
Additionally, several univariable random effects logistic regression analyses assessed any effect of the various predictors (i.e. age, gender, implant region, no. of implants per patient, bone augmentation, smoking status, history of periodontitis, presence/absence of a systemic disease, medication intake) on the primary outcome parameter (i.e. EIL) in the elderly patient cohort. Parameters significant at the a = 0.20 were considered for the final multivariable model, whereas age and gender were considered a priori confounders. Statistical analysis was performed using SPSS Version 24.0 (SPSS Inc.) and STATA 15.1 (StataCorp LLC), and p-values <.05 were considered as statistically significant.
| RE SULTS
| Patient population
Out of 628 patients ≥65 years old at the time-point of implant installation, 444 patients could be included in the elderly patient cohort herein (mean age: 72.0 ± 5.7; range: 65-91 years; 56.8% female); most common reasons for exclusion were no follow-up after implant installation, that is prosthetic restoration was performed at the referring dentist, and unclear anamnestic data. This elderly patient cohort received 1,517 implants (range: 1-12 implants per patient). Out of those 444 elderly patients, 347 could be matched with younger patients <55 years old (elderly/younger patient cohort: mean age 71.0 ± 5.0/46.5 ± 6.0, range 65 to 89/35 to <55 years, respectively; 55.9% female); most commonly, the remaining 97 patients could not be matched due to the low number of lower anterior implants in younger patients. Data on implant region, number of implants per patient, bone augmentation, smoking status, history of periodontitis, presence of systemic diseases and medication intake are presented in Table 1 for the elderly patient cohort (n = 444) and in Table 2 for the matched patient cohorts (n = 347 patients each in the elderly and younger patient cohort). The elderly patient cohort differed significantly from the matched younger patient cohort in several parameters (p < .01; Table 2 ); that is, elderly patients presented more often with a history of periodontitis, systemic disease (diabetes mellitus, osteoporosis, rheumatoid arthritis) and regular intake of several medications.
| EIL
In the elderly patient cohort, 10 patients had one EIL each, that is EIL on implant and patient level was 0.66% and 2.25%, respectively.
Specifically, EIL occurred in one patient each with 2, 7, and 8 implants, in two patients each with 3 and 5 implants, and in three patients with 6 implants. EIL rate in the 4 elderly patient sub-cohorts [i.e. 65-69.9 (n = 213), 70-74.9 (n = 111), 75-79.9 (n = 80) and ≥80 years old (n = 40), respectively] was 0.41%, 0.83%, 0.34% and 2.26%, respectively, on the implant level, and 1.41%, 2.70%, 1.25% and 7.50%, respectively, on the patient level; the difference in EIL rate between the ≥80 years sub-cohort and the 3 remaining sub-cohorts was not statistically significant (p = .102 and p = .104, on the implant and patient level, respectively; Figure 1 ). Similarly, the multivariable random effects logistic regression analysis for the elderly patient cohort indicated only weak evidence of association of higher EIL rate with increasing age (p = .090; Appendix S1). Further, no statistically significant differences between patients/ implants with and without EIL and no significant effects, in regard to the various evaluated parameters, were observed within the elderly patient cohort (Table 3 and Appendix S1). In regard to the matched cohorts, five patients in the elderly group versus nine patients in the younger group experienced one EIL each, that is 1.44% versus 2.59%, respectively (p = .280; Figure 1 ). No statistically significant differences were observed between patients/implants with and without EIL, within the matched elderly and younger patient cohorts in regard to any of the evaluated parameters, although there was higher prevalence of diabetes mellitus, osteoporosis, and rheumatoid arthritis and regular medication intake in the elderly patients compared with the younger ones (p ≥ .174; Table 4 ). Further details on all EIL cases are listed in Table 5 .
| D ISCUSS I ON
The results of the present study, based on a relatively large patient sample, showed that EIL are not more frequent in elderly (≥65 years old) than in younger patients (<55 years old), and in general are seldom, that is <1% on implant and around 2.5% on patient level. Thus, this finding appears to correspond well to the currently existing TA B L E 1 Characteristics of the elderly patient cohort (n = 444) and implant-specific details (n = 1,517) at 10 years were calculated (Srinivasan et al., 2017) . Similarly, in another systematic review on implant losses in older (≥60 years old) versus younger (≤54 years old) patients, no significant differences were observed between the two groups in terms of implant survival (94% vs. 95%, respectively, based on four studies included) (Sendyk et al., 2017) . However, the high survival rates reported in these reviews regarded mainly osseointegrated implants and EIL were not specifically addressed; in most of the original studies included in these reviews, information on EIL was often missing, while the number of elderly patients was in general rather small (i.e. mostly <50).
Therefore, possible significant differences between elderly and younger patients in terms of EIL might have been overseen. Indeed, it has been demonstrated in preclinical trials that osseointegration can be compromised in older age (Shirota et al., 1993; Takeshita, Murai, Ayukawa, & Suetsugu, 1997) . For example, titanium implants placed in the tibia of old rats (1.5 years old) showed only about 1.5% bone-to-implant-contact (BIC) after 4 weeks of healing, compared with 40% and 29% BIC in young (1.5 months old) and adult (5.5 months old) rats, respectively (Takeshita et al., 1997) .
Furthermore, older age is associated with high rates of systemic diseases and elderly patients receive more often medications that interfere with wound healing in general and bone healing in particular (Bartold et al., 2016) . Thus, the possibility of different EIL rates in the elderly and in younger patients appeared as a reasonable concern.
In this context, with osteoporosis that were also receiving treatment. It may indeed be that elderly patients seeking implant therapy are in generally relatively healthier than the average elderly population; a similar observation has been made in previous reports on implant therapy in the elderly (Compton et al., 2017; Kowar, Stenport, & Jemt, 2014) . This may also partly explain the observation that the matched younger patient cohort herein presented an EIL rate almost 2 times higher than that in the elderly patients. Another possibility may be that elderly patients are more likely afraid of complications (Ellis et al., 2011; Müller et al., 2013) and, therefore, follow more carefully the post-operative instructions (e.g. avoiding wearing a removable prosthesis shortly after the operation). In general, control of all confounders is difficult to achieve in large patient cohorts and establishment of an implant register, as recently suggested (Klinge et al., 2018) , may hopefully support a more complete risk factor analysis in the future.
Sixty-five years of age has been used as the cut-off to define elderly in several studies, including the systematic review of Srinivasan et al. 2017; still, one may argue that lack of significant differences between the elderly and younger patients reported previously and observed herein is because this cut-off age is simply too low. Indeed, the multilevel analysis for the elderly patient cohort indicated only weak evidence of association of increasing age with higher EIL rate; in the 40 patients ≥80 years old contributing with 136 implants herein, EIL was 2.3% on the implant and 7.5% on the patient level, compared with patients 65-79 years old that showed rates of 0.34%-0.83% and 1.25%-1.70%, on the implant and patient level, respectively. Nevertheless, it
should not be forgotten that these percentages still represent a limited number of EIL cases (i.e. 1-3 per sub-cohort). In previous studies with relatively large numbers of patients ≥80 years of age, where EIL was reported, more or less similar failure rates as those observed herein were recorded (Engfors et al., 2004; Kowar et al. 2013) . Specifically, in a retrospective evaluation of 133 patients with 761 implants, EIL was 4.5% on the implant level (Engfors et al., 2004) , while in another analysis of 72 patients with 265 implants, seven patients had 1 EIL each (i.e. 9.7% on the patient level) (Kowar et al., 2013) . Still, 92.5% of the patients ≥80 years old in the present study showed successful primary osseointegration and received the prosthetic restoration.
Considering the facts/limitations that the present study is of retrospective character, both elderly and younger patient groups were relatively healthy, the operators were experienced oral surgeons, and only few EIL were observed, it is nevertheless reasonable to conclude, that based on a relatively large number of elderly patients-when compared with patient numbers in previously published studies-ageing does not seem to compromise osseointegration, and if at all, then only slightly and at a later stage of life.
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